This work deals with the experimental characterization of carbon dioxide (CO 2 ) absorption in an aqueous solution of N-(2-hydroxyethyl)piperazine, by using of digital holographic interferometry. This method enables visualizing the phenomena taking place in the vicinity of the gas-liquid interface.
parameter identification
Introduction
The gas-liquid absorption of carbon dioxide (CO 2 ) by an aqueous amine solution in a packed column is one of the most advanced CO 2 capture technology. It is used for removing CO 2 from natural gas and refinery process streams. It is also used to remove it from combustion gases for greenhouse gas abatement applications.
A CO 2 capture plant using an aqueous amine solution is generally composed of two major sections: an absorption section where CO 2 in the flue gas is absorbed into the aqueous solution and a regeneration section where the absorbed CO 2 is stripped out of the solution by means of heat (Idem et al., 2006; Knudsen et al., 2009; Steeneveldt et al., 2006; Thitakamol et al., 2007) .
In the absorption section, the gas stream containing CO 2 is passed upward through a packed column, countercurrent to the aqueous amine solution entering the absorber at its top, and the CO 2 is absorbed by the solution. The amine reacts with the dissolved CO 2 to form a carbamate. The CO 2 -rich amine solution is then conveyed to a hot steam stripper where it is reheated to release almost pure CO 2 . The amine solution is then recycled to the absorber.
The CO 2 absorption by aqueous solution of monoethanolamine (MEA) is the most extensively studied system. However, processes using MEA are generally uneconomic as they require large equipment size and intensive energy input (Yang et al., 2008) . The heat consumption for the MEA solution regeneration can constitute up to 70% of the total operating costs of the 2 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013), p. 249-258 DOI: 10.1016/j.ces.2013.02.068 Permalink: http://dx.doi.org/10.1016/j.ces.2013.02.068 of the gas-liquid contactor. There are only few works where the phenomena taking place in the vicinity of the gas-liquid interface in a gas-liquid contactor are experimentally studied. Therefore, the main goal of this work is to develop and assess a procedure to study, characterize and model the phenomena occurring close to the gasliquid interface when CO 2 is absorbed in an aqueous solution of alkanolamine.
In this work, the absorption of CO 2 is studied in a novel piperazine derivative: the N-(2-hydroxyethyl)piperazine (HEP).
For this purpose, a recently developed experimental method, based on the digital holographic Mach-Zehnder interferometry, is used (Wylock et al., 2011) . Indeed, the absorption of a gas component from the gas phase in a liquid can modify the refractive index of the liquid (Harvey et al., 2005) and interferometry can be used to measure refractive index variation fields (Konstantinov et al., 2003) , especially when CO 2 is absorbed in aqueous amine solutions (Komiya et al., 2008) .
In a first stage, a calibration of the device is realized, in order to correlate the measured refractive index variations with the concentration variations in the liquid. In a second stage, a set of CO 2 absorption experiments is realized using solutions with various initial concentrations. The experimental setup and the calibration procedure are presented in Section 2.
From the analysis of the experimental results, a one-dimensional model of the absorption of CO 2 in the HEP solutions is developed and presented in Section 3. This model enables computing the gas-liquid CO 2 absorption flux as a function of a contact time between the gas and liquid phases.
The obtained results over the whole experimental set are presented, fur-4 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013), p. 249-258 DOI: 10.1016/j.ces.2013.02.068 Permalink: http://dx.doi.org/10.1016/j.ces.2013.02.068 ther analyzed and discussed in Section 4. The conclusion and perspectives of this work are presented in Section 5.
Materials and methods

Experimental setup
The absorption of gaseous CO 2 in an aqueous solution of HEP is realized inside a Hele-Shaw cell, schematically presented in Fig. 1 . This cell is made of two transparent flat plates (5 cm × 10 cm) of optical grade glass, separated by a narrow distance using a polyethylene terephthalate spacer (gap of 500 µm measured using a calliper rule). The HEP solution fills partially the gap between the plates. Preliminary tests have shown that such a cell is suitable for our objective.
The CO 2 absorption in the HEP solution is realized by forcing gaseous CO 2 to flow above the liquid in the cell, as depicted in Fig. 1 . The CO 2 invades in a few tenth of second the top part of the cell. This device ensures a quasi homogeneous and constant CO 2 partial pressure in the gas phase above the gas-liquid interface and does not lead to interfacial waves induced by the gas flow. In order to minimize the evaporation of the aqueous solution, the gaseous CO 2 flow is saturated with water vapor prior to its entrance in the cell. CO 2 from a gas cylinder is bubbled through demineralised water.
This enables saturating the gas before passing it through a mass flow meter after which it is injected in the cell. The gas flow is set to 8 cm 3 /s and the CO 2 partial pressure above the liquid phase is close to 99293 Pa. A set of experiments is realized at room temperature (293.15 K) using aqueous HEP solution with various initial HEP concentration and various CO 2 amount initially absorbed.
The initial HEP concentration of a solution, before the initial absorption of CO 2 , is written [HEP] (expressed in moles of HEP per m 3 of the solution).
It is important to mention that [HEP] refers thus to the total amine concentration in a solution, independently of the amine form: non-protonated form (HEP), protonated form (HEPH + ) or carbamate form (HEPCOO − ).
[HEP] is the sum of the HEP, HEPH + and HEPCOO − concentrations and it is therefore constant during an experiment.
The loading θ of a solution is defined as the number of moles of CO 2 absorbed in the solution, per m 3 of the solution, divided by [HEP] . The initial loading of a solution, before the absorption of CO 2 in the Hele-Shaw cell, is written θ 0 . This initial loading is obtained by bubbling gaseous CO 2 in a freshly prepared HEP solution, prior to its injection in the Hele-Shaw cell. θ 0 is estimated by weighing the absorbed CO 2 amount.
A set of experiments is realized using [HEP] between 1500 and 2500 mol/m 3 and a initial loading θ 0 between 0 and 0.4. These values are close to the typical amine and CO 2 concentrations used in CO 2 capture process by amine aqueous solutions. For each couple of ([HEP],θ 0 ), experiments are realized at least 5 times.
The Hele-Shaw cell is placed in a Mach-Zehnder interferometer as shown in Fig. 2 . The He-Ne laser beam (wavelength λ=632.8 nm) is expanded and "cleaned" using a spatial filter, before being splitted into a reference beam and an object beam thanks to a beamsplitter. The reference beam 6 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) passes through the ambient air while the object beam passes through the cell. Finally, the two beams are recombined at a second beamsplitter and imaged on a Prosilica CCD camera (50 frames per second) by a Micro-Nikkor objective with a focal length of 200 mm.
Fig. 2.
As the optical paths of the two beams are different, there is, in general, a non-homogeneous phase difference between them. Therefore, an image presenting interference fringes (hereafter called an interferogram) is observed at the camera. The second mirror is slightly tilted in order to get a linear phase difference in the horizontal direction prior to any absorption. Therefore, even if there is an optical uniformity in the experimental cell, vertical interference fringes are observed in the interferogram. Such a reference interferogram and an interferogram during the CO 2 absorption are presented with a diagram of the Hele-Shaw cell in Fig. 3 .
Fig. 3.
It is important to mention that the gas-liquid interface presents a meniscus. It is observed as a horizontal black strip in Fig. 3 . Indeed, the meniscus deflects the object beam light in this zone, therefore appearing in black in the interferograms. The effect of the meniscus shape on the mass absorption visualization has been numerically estimated in a previous work (Wylock et al., 2011 ) on a two-dimensional domain corresponding to a vertical cross-section of the cell, in the perpendicular direction to the plates. From the simulation, it has been estimated that the liquid phase in the meniscus region 7 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) is quickly saturated and that the concentrations in horizontal liquid layers below the meniscus are homogeneous. It can then be considered that the liquid traversed by each ray of the object beam (in the horizontal direction perpendicular to the plates) is homogeneous and therefore that the meniscus only weakly disturbs the mass absorption visualization.
During the gas-liquid CO 2 absorption in the cell, the absorbed CO 2 takes part to chemical reactions in the liquid phase, leading to the consumption of the non-protonated form HEP and to the production of the carbamate from Each interferogram has 1024×1024 pixels. The calibration of the image size is performed using a Ronchi Ruling by the procedure described by Dehaeck (2007) . It is estimated that the observation window size is 4 mm × 4 mm. Each experiment is performed during 10 s and 30 interferograms per second are recorded. Indeed, after approximately 10 s of CO 2 transfer, chemo-hydrodynamical instabilities appear. It is measured that the CO 2 absorption increases the density of the liquid solution. Since the CO 2 absorption takes place in the upper part of the liquid in the cell, the density is increased locally near the interface, inducing likely Rayleigh-Taylor-like 8 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) instabilities. The interferograms are recorded before the onset of these convective instabilities, in order to be comparable with a mass transport model purely based on reaction-diffusion equations. Therefore, the interferograms after the instability onset are not presented in this paper.
A devoted image processing procedure, developed by Dehaeck et al. (2008) and presented in detail in (Wylock et al., 2011) is applied to compute the refractive index variation field in the cell at the time t from the analysis of the fringe deformation observed in the interferogram at this time t. A window of averaging is defined on a refractive index variation field, as shown in Fig 
Calibration
In order to relate refractive index variations with concentration variations, a calibration is needed. The following expression is proposed to correlate the refractive index n with [HEP] and θ:
Several aqueous solutions, with various
where n w is the refractive index of water (n w = 1.3330 at 293.15 K). In order to describe the gas-liquid absorption of CO 2 in the Hele-Shaw cell, a local loading θ(x, t) is introduced. θ(x, t) is defined as the ratio between the total number of absorbed CO 2 moles per unit volume of the liquid solution at time t and at a distance x from the interface, divided by [HEP] . θ(x, 0) = θ 0 is therefore the number of moles of CO 2 initially absorbed in a unit volume of the liquid solution, divided by [HEP] . ∆θ(x, t) = θ(x, t) − θ 0 is called the loading variation at the time t and at a distance x from the interface. The 10 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) graphical representation of ∆θ(x, t) as a function of x for a given time t is called the loading variation profile at that time.
During the CO 2 absorption in the Hele-Shaw cell, it is assumed that the equilibrium described by Eq. (1) is realized locally. Therefore, the following equation can be written:
Therefore, knowing the numerical value of µ θ enables converting the refractive index variation profiles into loading variation profiles.
Mathematical modelling of the CO 2 absorption in the Hele-Shaw cell
Model development
The chemical reaction scheme of CO 2 in amine solutions is generally complex. For instance, in the well-known case of absorption in MEA solutions, it is commonly admitted that the CO 2 reacts with the MEA via a zwitterion mechanism (Aboudheir et al., 2003; AspenTech, 2008; Blauwhoff et al., 1984; Xiao et al., 2000) . The reaction scheme of CO 2 with HEP is not well known and very few experimental data are available in the literature. Therefore, a phenomenological approach is followed to model the gas-liquid absorption of CO 2 in [HEP] aqueous solutions in the Hele-Shaw cell.
A typical time evolution of the loading variation in the Hele-Shaw cell is presented in Fig. 7 (for a solution with [HEP] = 1000 mol/m 3 and θ 0 = 0).
∆θ(x, t) at several times t is presented in Fig. 7 -a and the loading variation at the interface ∆θ(0, t) as a function of time is presented in Fig. 7-b . It is observed that the loading variation grows rapidly at the interface until reaching a saturation. In the same time, the loading variation "accumulated" at the interface penetrates gradually towards the bulk of the liquid.
Therefore, it is assumed that the CO 2 reacts mainly in a thin liquid layer close to the interface and that the reaction products accumulating at the interface are transported towards the bulk of the liquid by diffusion, where no reaction takes place.
It is assumed that the loading variation close to the interface (x ≈ 0) can be described by the following equation:
where ∆θ max (dimensionless) is the maximum loading variation and k (in s −1 )
is the inverse of a characteristic time to reach this saturation. ∆θ max is related to the maximum CO 2 amount that the solution can absorb (depending on
[HEP] and θ 0 ), according to the used CO 2 partial pressure in the gas phase, and k represents the kinetic of this absorption.
In the same time, the interfacial loading variation penetrates towards the bulk of the liquid by a diffusion mechanism. At the scale of the diffusion layer, the liquid can be seen as semi-infinite. Therefore, the following equation is proposed: (4), the following equation is obtained:
The parameters ∆θ max , k and D of Eq. (5) can be estimated by a comparison with the ∆θ(x, t) obtained by interferometry (see section 3.2).
The amount of CO 2 absorbed by the aqueous solution in the cell at time t per unit area of the gas-liquid interface is written T CO 2 (t) (expressed in mol/m 2 ). This latter can be calculated from the integral of ∆θ(x, t) at the time t along x:
Inserting Eq. (5) in Eq. (6), an analytical expression can be deduced for T CO 2 (t), which writes:
The CO 2 absorption rate in the liquid in the Hele-Shaw cell, which refers to the number of CO 2 moles absorbed in the liquid per unit time and per unit area of the gas-liquid interface, is written J CO 2 (t) (expressed in mol/m 2 s).
J CO 2 (t) is simply obtained by deriving T CO 2 (t) with respect to t:
Eq. (8) is an expression relating the CO 2 absorption rate in the liquid and the contact time t between the gas and liquid phases. Such an expression can be used to calculate the average gas-liquid transfer rate in an industrial absorber by coupling it with a model of the distribution of the contact time between the phases in the absorber. For instance, in the classical Higbie approach (Higbie, 1935) , a uniform distribution of the contact time t between gas and liquid elements in an industrial absorber is assumed,
is the maximum contact time between the elements. Following this approach, the average gas-liquid CO 2 absorption rate in an industrial absorber can be calculated from the developed expression of J CO 2 (t):
Various correlations can be found in the literature for distribution of the contact time (using the Higbie (1935) or Danckwerts (1951) approaches),
for several kinds of absorbers. They are generally presented as functions of dimensionless parameters characterizing the operating conditions.
Parametric fitting
The parameters of the model, ∆θ max , k and D, are estimated from the experimental loading variation profiles, using a non-linear least-square fitting method. This method estimates the values of the parameters which minimize the quadratic differences between the experimental data and the simulated ones (Walter and Pronzato, 1997) . The routine fminsearch of MATLAB is used. The parametric estimation is realized in two successive steps for each CO 2 absorption experiment.
In a first step, for each experiment, the value of the parameters ∆θ max and k, minimizing the quadratic differences between the experimental values of the loading variation at the interface and those predicted by Eq.
(3), are estimated.
In a second step, for each experiment, using the values of ∆θ max and k identified previously for the considered experiment, the value of the parame- In Fig. 8 , ∆θ(0, t) and ∆θ(x, t), obtained experimentally with [HEP] = 1000 mol/m 3 and θ 0 = 0, are compared to those computed with the Eqs. (3) and (5), respectively, using ∆θ max = 0.5, k = 0.26 s −1 and D = 3.4 10 −10 m 2 /s.
These latter values are those minimizing the quadratic differences the experimental data and the simulated ones. θ 0 ≈ 0.3).
Fig. 9.
A surprising result is observed in Fig. 9 : the fastest absorption rate Concerning the influence of the initial loading, it is observed in Fig. 9 that the time evolution of the amount of absorbed CO 2 is consistent with what could be expected: the absorption rate increases with a decrease of the initial loading.
These experimental results are further analyzed in the section 4.3 of the paper, thanks to the proposed mass absorption model by the identification of the model parameters.
Estimation of the model parameters
The mean values of the parameters ∆θ max , k and D minimizing the quadratic differences between ∆θ(x, t) obtained experimentally and obtained with Eqs. (3) and (5) are presented in Table 1 , within a confidence interval at 95%. 
Maximum loading variation at the interface
It is observed in Table 1 that the identified value of ∆θ max is influenced by [HEP] and θ 0 . This was expected, as ∆θ max is related to the CO 2 absorption capacity of the solution. This absorption capacity depends on the HEP concentration and the CO 2 initially absorbed before the absorption experiment.
The following correlation can be proposed:
with [HEP] expressed in mol/m 3 . It is obtained by a linear regression of the data in Table 1 , hence it is valid only within the considered range of [HEP] and θ 0 .
In Fig. 10 , θ 0 + ∆θ max , the maximum loading that can be reached in the liquid solution, is presented, using Eq. (10) as a function of [HEP], for various θ 0 (dashed lines). The values of θ 0 + ∆θ max calculated with the data in Table 1 are also presented in this figure (markers) with their confidence intervals. It is worth to mention that these confidence intervals must not be confused with error bars, which are actually unknown.
Fig. 10.
It is observed in Fig. 10 that the maximum loading that can be reached is close to 0.5, and decreases slightly as [HEP] increases. This seems coherent with the results of a recent work of Chen and Rochelle (2011) on the CO 2 absorption in piperazine solutions.
These results suggest that the chemical reaction scheme of CO 2 with HEP is probably similar to the reaction scheme of CO 2 with MEA. Indeed,
17
This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) when CO 2 is absorbed in an aqueous solution of MEA, the loading cannot exceed 0.5 due to this reaction scheme (Aboudheir et al., 2003; Blauwhoff et al., 1984; Dankwerts, 1979) . Therefore, by an analogy with the reaction scheme of CO 2 with MEA, the reaction between CO 2 and HEP to produce a carbamate HEPCOO − (Eq. (11)) would be accompanied by the protonation of HEP to produce HEPH + (Eq. (12)), leading globally to the consumption of 2 moles of HEP for 1 mole of CO 2 (Eq. (13)).
CO 2 + HEP → HEPCOO − + H +
HEP + H + HEPH +
CO 2 + 2 HEP → HEPCOO − + HEPH +
However, as in the whole reaction scheme of CO 2 with MEA, the equilibrium displacement of secondary reactions (such as the equilibria between CO 2 , HCO − 3 , CO 2 , . . . ), could explain the observed variability of the maximum loading that can be reached with [HEP] and θ 0 . It could be worth of interest to further investigate these issues.
Kinetic of the interface saturation
It is observed in Table 1 that there is no clear trends of k with respect to
[HEP] and θ 0 . Therefore, a simple constant value is proposed:
It is the average of the values of k presented in 
Pseudo-diffusion coefficient of the loading
It is observed in Table 1 that D decreases as [HEP] increases. D decreases also when θ 0 increases but this effect seems only significant for the smallest value of [HEP].
The following correlation is proposed to estimate D as a function of [HEP] and θ 0 : Table 1 , which is valid only within the considered range of [HEP] and θ 0 .
In Fig. 11 , D, calculated with Eq. (15), is presented as a function of θ 0 ,
for various values of [HEP] (dashed lines). The values of D in Table 1 are also presented (markers) with their confidence intervals. Fig. 11 .
Simulation of the CO 2 absorption
Thanks to the correlations for the parameters ∆θ max , k and D (see Eqs.
(10), (14) and (15), respectively), the time evolution of T CO 2 and J CO 2 can be simulated. T CO 2 (t) (calculated with Eq. (7)) and J CO 2 (t) (calculated with Eq. (8)) are computed for the same set of solution compositions than for the results presented in Fig. 9: ( 
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This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) The time evolution of the simulated T CO 2 is presented in Fig. 12-a . It is observed that the proposed model reproduces qualitatively well the results experimentally observed for the absorbed CO 2 amount and presented in Fig.   9 . The simulated T CO 2 grows slower with respect to time when [HEP] and θ 0 increase. From a quantitative point of view, it is observed that the simulated values of T CO 2 are consistent with the experimental ones. However, the correlations to estimate the model parameters, and possibly the model itself, have to be refined in order to reach a better quantitative agreement.
Indeed, it can be observed that the theoretical time evolution of T CO 2 has a slope equal to zero at t = 0 and presents a slight inflexion point at approximately 2.5 s (see Fig. 12-a) . These characteristics are not observed experimentally (see Fig. 9 ). From an experimental point of view, it is difficult to confirm or to deny whether the slope of T CO 2 tends to zero when t tends to zero. A very short sampling time step could be used during the first second but the experimentally estimated values of T CO 2 are rather imprecise during this stage. At the time t ≈ 2.5 s, an inflexion point is not experimentally observed probably due to details of the actual reaction scheme (secondary reactions) that slightly influence the measurement of the ∆θ profiles. Nevertheless, the simulated time evolution of T CO 2 with this simple model is globally consistent with the experimental measurements.
The time evolution of the simulated J CO 2 , which corresponds to the growth rate of T CO 2 with respect to time, is presented in Fig. 12-b . It is observed that the time evolution J CO 2 (t) is slower when [HEP] and θ 0 increase. It is also observed that, for all the considered solution compositions, J CO 2 (t) grows rapidly from zero with time until it reaches a maximum and 20 This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) then decreases with time.
Such a time evolution for the simulated J CO 2 , especially at t = 0, seems very surprising. Indeed, it is generally expected that the maximum absorption rate should be reached at t = 0. This result is probably an artifact of the model, which does taken into account some phenomena taking place during the very early stage of the CO 2 absorption, because they have not been observed experimentally. It seems likely that, shortly after the contact between the gas and the liquid phases, the absorption rate is actually quite high, depleting very quickly the HEP concentration at the interface. This depletion decreases strongly the mass absorption rate while it is triggering the diffusion phenomena. This stage lasts probably less than one hundredth of second and takes place in a liquid layer with a thickness less than a few µm;
to capture experimentally this stage is thus beyond the camera capability (the time between two successive images is 0.02 s at its maximum frame rate and the spatial resolution is close to 4 µm per pixel). As a consequence, this stage of the absorption is not taken into account in the modeling of the time evolution of the ∆θ profiles (namely Eq. (5), from which Eq. (8) derives).
Therefore, the absorption rate estimation appears to be unreliable when t tends to zero.
Concerning the maximum in the simulated J CO 2 curves (corresponding to the inflexion points observed in Fig. 12-a) , it is observed that their value depend on [HEP] and θ 0 and that they are reached at the same time (around 2.5 s) for the 4 conditions. Thanks to a numerical analysis of Eq. (8), it appears that the abscissa of this maximum depends only on k, which is the same for the 4 considered curves.
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This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) These issues need clearly further investigations to explain the experimental observations and to develop a better phenomenological model. Especially, a better knowledge of the reaction mechanisms and of the kinetics of the water-HEP-CO 2 system would bring valuable insights.
Despite these lacks in the proposed phenomenological model for the early stage of the absorption, this model enables nevertheless simulating fairly well the time evolution of the loading variation profiles experimentally observed.
Therefore, the analysis of the experimental and simulation results enables already highlighting the physico-chemical phenomena driving the CO 2 absorption in aqueous solution of HEP when the absorption time is of the order of a few seconds.
In Fig. 9 , it is shown that a decrease of the CO 2 absorption rate is observed when [HEP] increases, within the used concentration range. This is also highlighted by the model. This surprising result could be explained as follows. It is shown by the parametric estimation that the kinetic of the loading saturation at the interface (characterized by k) is almost not influenced by [HEP] and θ 0 . This could be the result of a fast reaction kinetic between CO 2 and HEP, combined with an excess of HEP. However, an increase of [HEP] leads to a decrease of the maximum loading at the interface ∆θ max and to a decrease of the pseudo-diffusion coefficient D.
This decrease of D, which seems to be responsible for the decrease of the absorption rate, could be explained by an increase of the viscosity of the solution if [HEP] increases, as Stokes-Einstein's formula suggests (Bird et al., 2002) .
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This is the preprint version of a manuscript published in Chemical Engineering Science 100 (2013) According to Versteeg and van Swaaij (1988) , an amine diffusion coefficient in aqueous solution is related to the solution viscosity by a modified Stokes-Einstein relation. Snijder et al. (1993) showed that this relation can be used for various alkanolamines and Derks et al. (2008) evaluated the different modified relations available in the literature for piperazine solutions.
The recent work of Chen and Rochelle (2011) has shown than the viscosity of piperazine derivative solutions increases with the amine concentration and the loading.
It appears therefore that the CO 2 absorption rate in HEP aqueous solution can be controlled by the mobility of molecules rather than by the kinetic of the reaction of CO 2 with HEP and this point has to be further investigated. This is a very important result because it highlights the fact that research for the development of capture processes should not only focus on the reaction rate between the amine and CO 2 , but also on the mobility of the different molecules in the solution.
However, it is important to mention that the decrease of the mass ab- 
Conclusion and perspectives
An original procedure to characterize, at the interface scale, the gasliquid CO 2 absorption in an aqueous amine solution coupled with chemical reactions in the liquid phase, is presented in this paper. The studied case is the absorption of CO 2 in aqueous solutions of HEP. This absorption is In a first step, the HEP concentration which maximizes the mass absorption rate have to be identified. This will be realized by applying the presented procedure using various [HEP] between 0 and 1000 mol/m 3 .
In addition, the correlations presented in this work have to be refined.
Especially, the evolution of the pseudo-diffusion coefficient with respect to the HEP concentration and the initial loading could probably be related to the evolution of the solution viscosity. Therefore, it would be worth of high interest to determine if a relation between the pseudo-diffusion coefficient and the viscosity of the solution could be identified.
Moreover, it is necessary to include the effect of the temperature in the parameter correlations. Indeed, the industrial CO 2 absorber works usually with a temperature between 313 and 333 K. Therefore, new experiments using various temperatures in that range have to be realized.
Finally, another interesting investigation would be to develop a rigorous mass transfer model, taking into account the full chemical reaction scheme (when it will be better known) and the diffusive transport of each species, and to compare absorption rates predicted by this mass transfer model with 26
List of Figures   Fig. 1 : Sketch of the experimental cell. 
